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Introduction
scientists and engineers employed in research departments, or an output, such as number of patents. In a more recent study, Keller (2004) pointed out that technological innovation is an intangible that is difficult to measure directly and that the three indirect approaches that can be used are the measurement of inputs (R&D), outputs (patents) and the effect of technological innovation (higher productivity).
Technological innovation has been defined as a country's "absorption capacity"-the ability to put information from abroad into practice by developing new products and processes which play a key role in international trade and economic development. 1 Therefore, the development of relevant indicators to measure the level of technological innovation-seen as absorption capacityacross countries is of great interest in a knowledge-based economy with high and increasing dependence on information technology and human capital. have recently compiled a number of indices and variables to measure the achievement of technological innovation, understood as absorptive capacity. As a nation's technological achievements are very complex, it is difficult to capture them in any single index that reflects the full range of technologies and quantifying aspects of technology creation, diffusion and human skills. This being said, one measure that has attempted to capture technological innovation in a relatively broad manner is the Technological Achievement Index (TAI), which has been used in empirical analyses (Martínez-Zarzoso and Márquez-Ramos 2005; Márquez-Ramos 2007) . This index has been constructed using indicators of a country's achievements in four dimensions: creation of technology, diffusion of recent innovations, diffusion of old innovations and human skills. These analyses have shown that technological innovation is of great importance to foster exports.
We can infer from the above-mentioned results that, to the extent that technological innovation is associated with lower communication costs, both internally and externally, we should find similar results as those of Fink et al. (2005) in our empirical application using the TAI index.
The main aim of this paper is to provide empirical evidence on the relationship between technological innovation and international trade. A non-linear relationship between these two variables would indicate that the effect of improved technological innovation on trade could vary according to the technological _________________________ 1 For a review see Zahra and George (2002) .
www.economics-ejournal.org achievement in countries. Hence, the form of heterogeneity we investigate here is whether a country's level of technological innovation achievement (or ability) affects the relationship between technological innovation and trade. This effect is analysed separately, firstly for developed and developing countries to determine whether other differences in economic development also affect the innovationtrade relationship, and secondly for different sectors, in order to pursue the results pioneered by Fink et al. (2005) in a non-linear framework.
The aggregated results show that a "U-shaped" relationship exists between exports and diffusion of old innovations, whereas an inverted U-shaped relationship is found between exports and diffusion of recent innovations and between exports and human skills. With respect to the more specific results, on the one hand the sectoral results indicate that the effect of the importer's TAI on trade is similar for all categories of goods. However, whereas the effect of the exporter's TAI for differentiated goods shows an inverted U-shaped relationship, a U-shaped curve is found for the rest. Hence, while technological innovation improvements seem to have a greater effect on exports of differentiated goods for the intermediate levels of technological achievements, the effect on exports for referenced and homogeneous goods is found to be more marked for the very high levels of technological achievement. On the other hand, the results of the specific country-groups show that when the importer is a developed country, technological achievement has a positive effect on exports which is magnified for higher levels of technological innovation. Otherwise, when the importer is a developing country, a U-shaped relationship between TAI and trade is found.
The importance of our results falls in several areas. Methodologically speaking, we obtain a model of threshold effects of technological innovation on international trade. In terms of policy conclusions, we find that different levels of technological innovation are associated with different effects on exports in developed and developing countries, as well as in different sectors, owing to the existence of threshold effects in the relationship between technological innovation and trade. The main message concerning the development strategy to be followed by developing countries is that, according to our findings, countries exports would benefit from higher levels of technological innovation if they are able to achieve a minimum level of acquisition and transformation capabilities. Hence, investment leading to achieve these thresholds is desirable.
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The paper is arranged as follows: Section 2 presents the theoretical framework. Section 3 offers the main hypothesis. Section 4 describes data, sources and variables. Section 5 presents the estimation strategy, the main results and a number of robustness checks. This section also includes an endogeneity analysis as technological variables can be considered endogenous in the gravity model of trade. A final section summarises the main findings.
Theoretical Framework
The last few decades have witnessed important changes in international trade patterns, with an increasing number of countries that have become closely linked to one another through international trade and foreign direct investment. Technological innovation plays an important role in this world-wide interdependence. Within this framework, international trade theory highlights the importance of technological innovation in explaining the international competitiveness of a country (Fagerberg 1997) . Classical thinking, which stressed international differences in technology in conjunction with international differences in real wage levels as a source of comparative advantage, dominated trade theory until the appearance of the Heckscher-Ohlin (H-O) theory which centred on resource endowments as the main factor explaining international trade patterns. 2 Nevertheless, technological innovation once again came to the forefront of research into trade with the development of the technology gap (Posner 1961 ) and the product cycle theories (Vernon 1966) . On the one hand and according to Posner's assumptions (1961) , trade is generated by differences in the rate and nature of innovation. On the other hand, Vernon (1966) places less emphasis on the comparative cost doctrine 3 and more on the timing of innovation. Along these lines, Jones and Bhagwati (1970) considered the way in which the H-O model could be applied to Vernon's product _________________________ 2 Jones (1970) states that "in a sense, the Heckscher-and-Ohlin model represents a step backward from the earlier Ricardian tradition" (page 78). 3 Comparative advantage is the ability to produce a good at a lower cost, relative to other goods, and compared to another country.
www.economics-ejournal.org cycle theory. Vernon argued that developed countries tend to have a comparative advantage in producing those commodities, that are newly developed, and suggested a three-factor model: capital, "ordinary" labour, and human skills. Developed countries have a relative abundance of the third factor and, due to the role this factor is assumed to play in the production of new combinations or innovations in particular, developed countries will tend to have a comparative advantage in producing new commodities at early stages of production. Jones (1970) also highlighted the view that technological innovation is improved because there is "learning-by-doing". According to this concept, the higher the level of production (or the more "experience" in the techniques gained by using them), the greater the rate at which these techniques become more productive.
These early papers mainly focused on the timing of innovations and considered R&D investment and human skills as the main drivers of innovation, but do not view the technological innovation process as absorptive capacity. Cohen and Levinthal (1990) introduced the concept of absorptive capacity, which is the ability to recognise the value of new, external information, to assimilate it, and to apply it. These authors consider two faces of technological innovation: creation and absorption. In their model, some level of absorptive capacity is necessary to create, and the cost of adoption increases as absorptive capacity falls. Hence, technological innovation is considered to reduce the cost of adoption. Zahra and George (2002) distinguished not only two subsets (potential and realised absorptive capacity), but also four dimensions of absorptive capacity: acquisition, assimilation, transformation and exploitation capabilities. Knowledge acquisition and assimilation capabilities compose the potential absorptive capacity, whereas knowledge transformation and exploitation compose in the realised absorptive capacity. Their model highlights external sources of knowledge and experience as key antecedents of absorptive capacity. Along these lines, the learning process will lead to an ambiguous effect of technological innovation on exports that will affect the capacity of the country (sector) to acquire, assimilate, transform and exploit new external information. On the one hand, the more "experience" about techniques gained by using them, the greater the rate at which these techniques become more productive. On the other hand, international transmission of new techniques carries a cost because learning-by-doing must occur locally in order to reduce local costs. Hence, the learning process must be taken into account to analyse the relationship between technological innovation and exports at a national www.economics-ejournal.org level. This relationship could significantly differ depending on the specific component of technological innovation considered. With respect to the TAI index, a higher potential absorptive capacity could be related to a higher level of technology creation and diffusion of old innovations, whereas a higher realised potential absorptive capacity could be related to a higher level of diffusion of recent innovations and human skills.
Given that different technological innovation components capture the abovementioned "two faces" (potential and realised) of technological innovation to different degrees, we aim to transfer these concepts into our model, which is specified in the next section. We associate absorptive capacity with the ability to learn and implement the technologies and related practices already used by developed countries (Dahlman and Nelson, 1995) . Once countries move from the pre-catching-up and the catching-up stage to the pre-frontier-sharing and the technological frontier, the cumulative nature of the learning process and the increase complexity of external knowledge could result in a non-linear relationship between national absorptive capacity and exports. Once countries achieve a threshold level of absorptive capacity, absorption and catching-up processes may occur rapidly (Criscuolo and Narula, 2008) , and firms are able to compete in world markets. Along this line, the expected non-linear relationship between technological innovation and international trade is supported by the findings of Estrada et al. (2006) . They found an inverted "U" relationship between some variables related to technological innovation (structural characteristics-size, age and foreign capital intensity-, technological acquisition-machinery and equipment, technological services-and innovative results-new products, product improvements and diversification-) and the probability to export. They also found a "U" effect of R&D intensity on export probability, implying that companies with a very low or very high R&D intensity have a higher export probability than those with a medium R&D intensity. Eaton and Kortum (2002) developed a Ricardian model to explore the role of trade in spreading the benefits of technological innovation. Their theory delivers an augmented gravity equation for bilateral trade that identifies the underlying parameters affecting the relationship between technological innovation and trade. In a linear specification, their results indicate that foreigners benefit on average by only a tenth as much as the innovating country, but the benefits depend on the www.economics-ejournal.org distance to trading partners; the benefits of close neighbours are similar to those of the innovator welfare benefits (measured as real GDP).
We go one step further and ask whether the benefits, in terms of trade, derived from technological innovation depend not only on the origin of the innovation (home or foreign), but also on the level of technological innovation in each country that is linked to the capacity that a given country has to acquire, assimilate, transform and exploit external information. Hence, we investigate the existence of a non-linear relationship 4 whose causality goes from technological innovation to trade, and which accounts for the fact that different stages of the learning process may play a role in determining this relationship. 5 We are aware of the fact that causality could work in the opposite direction, 6 that is, with more trade increasing technology transfer, the so-called technological spillovers, and welfare. While we control for endogeneity in our estimation methodology, we recognise the importance of investigating this reversal effect in detail in future work. The current paper, in line with the work by Eaton and Kortum (2002) and Fink et al. (2005) , focuses more narrowly on the technology-foster-trade argument. The importance of studying this specific question relates to the supply-side determinants of exports and competitiveness: the development of new products, which are highly competitive abroad, usually fosters exports, and more trade contributes to improved economic conditions. Hence, this could be used as an argument to determine the innovation and industrial policies to be followed by developing countries to help facilitate their path towards economic development.
_________________________
4 Non-linearity on the relationship between technological innovation and international trade is assessed by means of a quadratic term, quite a common practice in the literature. In most cases, the added squared terms are statistically significant. Hence, a non-linear specification is preferred to a linear one. 5 Along these lines, Criscuolo and Narula (2008) argued that during the catching-up phase, knowledge accumulation occurs predominately through the absorption of trade and FDIrelated R&D spillovers. Then, national absorptive capacity and the accumulation of knowledge stock are simultaneously determined. 6 To obtain unbiased estimates, we used an instrumental variables estimation procedure that accounts for the endogeneity of the technological variables in the trade model.
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Main Hypothesis
Pursuing the implications of the work of Cohen and Levinthal (1990) and Zahra and George (2002) , our first hypothesis is that the relationship between technological innovation and trade presents a different shape depending on the proxy used to measure technological innovation. We consider four different dimensions of absorptive capacity. In a national-level analysis, we measure acquisition, assimilation, transformation and exploitation capabilities (or dimensions) as creation, diffusion of old innovations, diffusion of new innovations and human skills, respectively. 7 Potential absorptive capacity is a function of the acquisition and assimilation capacities, whereas realised absorptive capacity is a function of transformation and exploitation capabilities. Our results support this first hypothesis since a U-shaped relationship is found between creation of technology and exports and between diffusion of old innovations and exports (potential absorptive capacity), whereas an inverted U-shaped relationship is found between diffusion of recent innovations and exports and between human skills and exports (both of which are proxies for realised absorptive capacity).
Going into the implications of the work of Criscuolo and Narula (2008) , our second hypothesis states that developing countries may need a minimum technological innovation level to obtain trade gains derived from higher technological innovation achievements, whereas the already achieved technological innovation level in developed countries is sufficient to obtain trade gains from technological innovation developments. In relation to the related theories, the learning process may affect developed and developing countries differently since absorptive capacity increases diversity of knowledge in trading partners, and this diverse background provides a more robust basis for learning since it increases the prospect of external information relating to what is already known (Cohen and Levinthal 1990 ). This hypothesis is consistent with the results obtained in this paper, which shows a U-shaped relationship between the importer's creation of technology (national acquisition capability) and trade and between the importer's diffusion of recent innovations (national transformation capability) and trade when the importer is a developing country.
_________________________
7 In a similar fashion as in Zahra and George (2002) .
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Finally with respect to the type of products traded, our third hypothesis is that the effect of technological innovation on exports should be more robust and greater in magnitude for differentiated products than for homogeneous products. As pointed out by Cohen and Levinthal (1990) , absorptive capacity is likely to play a more relevant role for complex products. Fink et al. (2005) and Tang (2006) show that technological innovation is more relevant for trade of sophisticated products, where "sophistication" is measured by product differentiation and high technology content. The results obtained in the present paper show a greater effect of technological innovation in increasing exports of differentiated and hightechnology goods for intermediate levels of realised absorptive capacity. This result is consistent with the interpretation that the more experience in techniques gained by producing goods that embody a high technological content, the more the exports. 8
Our results contribute to the understanding of the literature on technological innovation and trade with two aspects. Firstly, absorptive capacity needs to be built in developing countries before they are able to profit from technological innovation improvements. Secondly, improving absorptive capacity would especially contribute to not only increase exports in sophististicated products, but also eventually to the diversification of exports, which is a widely recognised strategy to foster economic development.
Data, Sources and Variables
We obtained bilateral trade data by commodity from Feenstra et al. (2005) . The level of disaggregation chosen is 4-digit Standard International Trade Classification (SITC). The initial sample of countries comprised 13 exporters and 167 importers in the year 2000. The 13 exporters were chosen according to the classification matrix constructed in Márquez-Ramos (2007) . Due to data limitations concerning the technological innovation variables, the final sample includes 13 exporters and 77 importers in the year 2000. _________________________
The databases used to construct the exogenous variables for the regression analysis are Word Bank (2005) for incomes, World Integrated Trade Solution (WITS) for tariffs, and the Doing Business database (2006) for transport costs. 9 Distance between capitals, a common official language and the colonial dummy are taken from CEPII. 10
Two types of variables are used. First, we specify the income, technological innovation, transport costs, geographical, cultural and integration dummies that vary across countries. Secondly, we specify the tariffs, high-technology and other sectoral dummies that vary across sectors. The high-technology dummy is based on the classification of the Spanish National Statistics Institute (INE). 11 Commodities are defined using the SITC, revision 3, at the 4-digit level. Concordances from the Centre for International data at UC Davis between the SITC revisions 2 and 3 are used since trade data are defined according to the SITC revision 2. Finally, the sectoral dummies are based on Rauch (1999) and were obtained from Jon Haveman's International Trade data web page.
Technological innovation is proxied using the TAI, which is a measure introduced by the UNDP in its Human Development Report of 2001. The TAI aims to capture how well a country as a whole is participating in creating, using and diffusing technology and in building a human skill base to acquire knowledge. A nation's technological achievements are very complex and, therefore, it is difficult to capture them in a single index that reflects the full range of technologies and which quantifies all aspects of technology creation, diffusion and human skills. Hence, it is a good measure of technological innovation when viewed as absorptive capacity since it captures both potential absorptive capacity and realised absorptive capacity. In order to create as broad an index as possible, _________________________ 9 This database was recently created by the World Bank and it compiles procedural requirements for exporting and importing a standardised cargo of goods. 10 The dist_cepii file was taken from: http://www.cepii.fr/anglaisgraph/bdd/distances.htm. The language variable is based on the fact that two countries share a common official language (comlang_off). Simple distances are calculated following the great circle formula which uses latitudes and longitudes of the most important cities/agglomerations (in terms of population). 11 "List of High-Technology products according to the SITC codes and corresponding to codes CNPA-96 and PRODCOM", INE (2006) .
www.economics-ejournal.org however, the TAI was constructed using indicators of a country's achievements in four dimensions: creation of technology, diffusion of old innovations, diffusion of recent innovations and human skills.
As we will be using the disaggregated measures of technological innovation that underline the TAI index in our equations as well as the index as a whole, some additional information on how the index is composed is necessary. At a national level, the creation of a technology index represents part of the potential capacity to innovate. This index is constructed using two indicators to capture the level of technological innovation in a country. The first is the number of patents granted to residents, which reflects the current level of invention activities. The second indicator is receipts of royalty and license fees from abroad, which indicates the stock of successful innovations made in the past that are still useful. Two additional indicators measure the diffusion of old innovations or the national technological innovation assimilation level, namely number of telephones (mainline and cellular combined) and electricity consumption. These indicators are important since both are needed to use new technologies and basic related activities. Electricity consumption is also considered a proxy for the use of machinery and equipment since most of it is run by electric power (UNDP, 2001) . 12 Both the creation of technology and diffusion of old innovations indices are used here as proxies of potential absorptive capacity.
Two indicators are used to measure the diffusion of recent innovations or the national technological innovation transformation capability. The first, Internet hosts, reflects the diffusion of the Internet which enables the fastest transfer of information and an easier adaptation of firms and organisations in a changing environment. The second, exports of high technology and medium technology products, illustrates the country's level of specialisation in technologically intensive goods. Finally, the human skills index, or the national exploitation _________________________ 12 Both indicators measuring the diffusion of old innovations are expressed in logarithms with an upper level (average in OECD member countries), allowing to eliminate useless differences among all those countries whose telephony and electricity shares are above the average since they are only relevant at earlier stages of technological advance. Expressing the measure in logarithms ensures that as the level of the index increases, its contribution to the composed index decreases, allowing to discriminate among less developed countries and reflecting the idea that after a certain level, neither telephones nor electricity consumption enriches the technological capacity of a given country.
www.economics-ejournal.org capability, is measured by two indicators: mean years of schooling, representing the fact that people can be users of technology if they have a basic education on which to develop cognitive skills; and the gross tertiary science enrolment ratio, showing that the higher the number of inhabitants with the ability to develop skills in science, mathematics and engineering, the greater the number of technology creators. Both diffusion of recent innovations and human skill indices are used as proxies of realised absorptive capacity in the present paper.
The TAI index correlates highly with other national technological innovation indices, such as the ArCo (Archibugi and Coco 2004) and the Information and Communication Technology index (ICT) (Biggs 2003) . The ArCo index takes into account three dimensions (creation of technology, diffusion of technology and development of human skills), whereas the ICT index takes into account two dimensions (connectivity and access). Therefore, the TAI index is a more suitable measure of technological innovation since it has more components (four) than competing indices, and this facilitates the distinction between potential and realised absorptive capacity.
Scores are derived as an index in relation to the maximum and minimum scores achieved by countries in any indicator of the four above-mentioned dimensions. The performance of each index takes a value of between 0 and 1, which is calculated according to Equation (1).
The TAI is calculated as a simple average of the four dimension indices, based on the assumption that components play a comparable role of a country's technological achievement. The TAI provides a summary of a society's technological achievements and it allows countries to be classified into four groups according to their level of technological innovation and their stage of knowledge accession (Criscuolo and Narula 2008) : Leaders (TAI>0.5) are countries in the technological frontier-sharing stage, Potential Leaders (0.35<TAI<0.49) are countries in the pre-frontier-sharing stage, Dynamic Adopters (0.19<TAI<0.34) are countries in the catching-up stage and Marginalised (TAI<0.19) countries are those in the pre-catching-up stage.
www.economics-ejournal.org Table A .1 13 in the Appendix shows a summary of the data and sources used in this paper. Table A .2 provides the list of countries classified into all four groups where, for instance, Spain is classified as a potential leader, while Finland has obtained the highest score in the group of technological leaders. The lowest score goes to Mozambique which is classified in the group of technologically marginalised countries.
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Empirical Analysis
Model Specification and Estimation Methodology
In order to analyse the effect of technological innovation on sectoral trade, a gravity equation is specified (Bergstrand 1985 (Bergstrand , 1989 Deardorff 1995) and estimated for the disaggregated data. The estimated equation is: where ln denotes natural logarithms; X ijk denotes the value of exports of commodity k from country i to j; Y i and Y j are the incomes in the exporter's market and in the destination market, respectively; Adj ij is a dummy that indicates whether trading partners are contiguous; Land i and Land j take the value of 1 when the exporting or importing countries are landlocked, respectively, and zero otherwise.
_________________________
13 The first column lists the variables used for the empirical analysis; the second column outlines a description of the variables, and the third column shows the data sources. Dist ij is the geographical great circle distance in kilometres between the most important cities (in terms of population) of country i and j. Lang ij is a dummy for countries sharing a common official language. Colony ij is a dummy that takes the value of 1 when trading partners have had a colonial link at any time.
Tariff ik is the simple average effectively applied tariff for all the countries importing each commodity from the 13 exporters. TC i and TC j are the transport costs of the exporting and importing countries, respectively.
High-tech k is a dummy that takes the value of 1 when the commodity is a hightechnology commodity. The variable hom k takes the value of 1 when a commodity is homogeneous, and zero otherwise, whereas ref k takes the value of 1 when a commodity is reference-priced according to the conservative Rauch classification (1999). The DP dummy is included in the regression to take country-heterogeneity into account. It takes the value of 1 when trading partners are richer than the _________________________ 18 The parties of the CEFTA agreement are: Albania, Bosnia and Herzegovina, Croatia, Macedonia, Moldova, Montenegro, Serbia and Kosovo. Former parties were Bulgaria, the Czech Republic, Hungary, Poland, Romania, Slovakia and Slovenia, whose CEFTA membership ended when they joined the EU.
MERCOSUR (Southern
www.economics-ejournal.org sample average. The developed and developing countries considered in the empirical analysis are listed in the Appendix. Finally, ijk ε is the error term, which is assumed to be independently and identically distributed.
As previously indicated, the TAI is used to measure the technological innovation in countries i and j. Then, TAI i and TAI j are the technological variables measuring technological innovation in the exporting and importing countries, respectively. 19 To analyse the individual effect of the different dimensions that make up the TAI on international trade, four additional regressions were derived from Equation (2) TAI . Again, to investigate the role of each dimension of the TAI in the innovation-trade relation, this index is decomposed into its four dimensions, and the model is re-estimated with the two additional terms in each dimension. For the regressor diffusion of recent innovations, one of the indicators is exports of high technology and medium technology products. Since all the regressors explain the LHS exports, the collinearity concern is plausible. In order to investigate the presence of multicollinearity, a correlation matrix is built among all the explanatory variables included in the model, and any significant relations are found among them. The simple correlation coefficients are always below 60%. Moreover, the variance inflation factor (VIF) is obtained. Tolerance, defined as 1/VIF is used to check the degree of collinearity. A tolerance value lower than 0.1 means that the variable could be considered a linear combination of other independent variables. The tolerance values for the variables used in the estimated gravity model are always higher than 0.1. 21 _________________________ 19 In Márquez-Ramos (2007), a different way to add technological innovation in the trade equation was considered: the variable included was the technological distance between trading partners (Filippini and Molini 2003) . A negative correlation between this new variable and the export flows was found. 20 Including the four components of the TAI and the synthetic index (i.e., the average of the four components) in the same specification would cause important collinearity problems. 21 A full non-linear specification, based on a polynomial function for not only the TAI but also the other variables, is beyond the scope of this paper, but could be considered a first step in this direction.
www.economics-ejournal.org Equation (1) is first estimated using Ordinary Least Squares (OLS), the Pseudo Poisson Maximum Likelihood (PPML) method and the Harvey methodology. The Harvey model and the PPML estimator are used as alternative options to control for heteroscedasticity. The PPML method is employed following the observations by Santos-Silva and Tenreyro (2006) in that the standard empirical methods are not appropriate to estimate gravity equations. Log-linearisation leads to inconsistent estimates when observations with heteroscedasticity are present. In addition, the zero values in the dependent variable cannot be considered in the OLS estimation. Moreover, Santos-Silva and Tenreyro (2006) stated that the OLS estimation of the gravity model exaggerates the role of geographical proximity and links. Their results suggest that heteroscedasticity is responsible for the main differences. To address these estimation problems, these authors proposed using the PPML method.
The Harvey model controls for multiplicative heteroscedasticity (Harvey 1976) , whereas the PPML method is robust to some kinds of model misspecification, such as heteroscedastic errors. Harvey (1976) proposed a general formulation of a regression model with multiplicative heteroscedasticity, which is more attractive than the usual "additive" model in which the variance of the disturbances is assumed to be related to a linear combination of the known variables.
Causality in this paper is assumed to run from technological innovation to exports; however, higher exports could also foster technological innovation. Poldahl and Gustavsson-Tingvall (2005) analysed whether an inverted "U" relationship exists between competition and technological innovation. These authors used the Herfindahl Index as a measure of the degree of competition in the market. Their results show that breaking up monopolies leads to an increase of R&D expenditure in Swedish companies, whereas further increases in competition leads to lower R&D investment. Although the existence of endogeneity in technological innovation has been analysed using aggregated trade data (Martínez-Zarzoso and Márquez-Ramos, 2005), further research is required to analyse the existence of endogeneity and inverse causality between technological innovation and sectoral trade. Thus, Equation (2) is also estimated using instrumental variables (IV) in order to check the exogeneity assumption concerning technological innovation. If this is true, the IV estimates should be similar to the OLS estimates. To estimate by IV, the use of a set of instrumental variables that www.economics-ejournal.org are correlated with technological innovation in countries, but not with the error term of Equation (2), would be desirable. Average research and development expenditure (% of the GDP) in the period 1994-1998 has been selected as an instrument based on Eaton and Kortum (2002) . These authors suggested that a country's level of technology is related to its stock of past research effort. (4), which show the results obtained when using different estimation methods, namely the OLS, PPML, Harvey and IV models. The above-mentioned endogeneity of technological innovation in the gravity equation is confirmed by the results of a Hausman test 23 that indicates rejection of the null hypothesis of exogeneity. We find a significant difference between the OLS and the IV coefficients, indicating that OLS is an inconsistent estimator of the estimated model, whereas the IV estimator is consistent. The inverted U-Theil criterion is used to compare models with different scales in the dependent variable (the PPML uses exports instead of the logarithm of exports as the dependent variable). Higher values of the inverted U-Theil indicate that one particular model is preferred. According to this criterion, the IV model estimations show a similar performance to the OLS and Harvey methods, and a better performance than the Poisson estimations in terms of forecasting accuracy. 24 Based on these two tests, the IV method is preferred to the rest. _________________________
Technological Innovation and International Trade
22
The results of the other explanatory variables are available upon request from the authors. 23 The purpose of this test is to indicate whether there is correlation between technological innovation and the error term in the augmented gravity model. The null hypothesis is that there is no correlation and, therefore, that the OLS provides consistent and efficient estimates. 24 This result has to be interpreted with caution because when the errors are heteroscedastic, and the forecasted value of the log-dependent variables has to be calculated by also using second-order conditions. Only when the appropriate www.economics-ejournal.org
The IV results obtained for the importer's TAI show that the effect of technological innovation on exports is magnified for higher achievements of technological innovation in the importing country. This indicates a non-linear relationship between trade and technological innovation. 25
Regarding the exporter's TAI, and according to the results of the preferred instrumental variables, exports increase with technological innovation (measured with the overall index) at a constant rate, and the relationship is linear in this case. 26 Therefore, for those countries classified as Potential Leaders or Technological Leaders, the effect of technological innovation (the TAI index) on exports is always positive and increases with technological improvements for technological innovation in the importing country.
The main difference between our results and those of Estrada et al. (2006) 27 is that these authors focused on the decision to export to a given market (their dependent variable is the probability to export), whereas we centre on the decision of how much to export to a given market (the value exported that is related to the creation and sustenance of competitive advantages). 28 Hence, our results deal with a different aspect of exports and complement rather than compete with these authors' results.
Regarding the magnitude of the estimates of the fourth column of Table 1 (IV) , an increase of 10 percentage points in the exporter's TAI index, the equivalent to a change from the level of Brazil (0.306) to the level of Portugal (0.418), is associated with an increase in exports of 8.3 percent. In this case the relationship is _________________________ retransformation of the log-dependent variables is done can the inverted U-Theil obtained for PPML be compared with that obtained with the other methods. 25 When the OLS, PPML and Harvey methods are in use, the index falls into the increasing part of a "U-shaped" relationship between technological innovation and export elasticity. 26 Export elasticity also increases with technological innovation when the exporter's TAI values are higher than 0.33 in the OLS regressions, 0.42 in the PPML regressions, and 0.35 in the Harvey regressions. 27 Estrada et al. (2006) also do a non-linear specification. 
, it is possible to interpret 1 β as a semi-elasticity:
***, **, * indicate significance at 1%, 5% and 10%, respectively, t-statistics are in parentheses. The dependent variable is the natural logarithm of exports in value (current US$). The OLS and IV estimation uses White's heteroscedasticity-consistent standard errors. In those cases where the term of innovation technology squared is found to be non-significant, a linear relationship is estimated.
Source: Own calculations based on the constructed database (see Section 4). linear according to the IV results, whereas in the case of the importer's TAI index, the effect of technological innovation on exports increases with higher achievements of technological innovation in the importing country. For example, if we consider the average value of the TAI for importers (0.36), an increase in 10 percentage points in the importer's TAI index increases exports by 7.63 (10x[0.54+2x0.36x0.31]) percent.
_________________________
29 This is the VWLS (variance-weighted least squares) R2, which is obtained by using the inverse of the estimated variances in the heteroscedastic model as weights in the corresponding regression model. Concerning the different TAI dimensions, we firstly refer to the results obtained for the two TAI dimensions related to the above-mentioned concept of potential absorptive capacity that can be decomposed into acquisition and assimilation capabilities. The results show that the creation of technology dimension, a proxy for the acquisition capacity, ranges in the growing part of the "U" (see Figure 2) . The minimum value of this variable in the exporting country is equal to 0.074 according to the IV estimates. With this value, the model mainly predicts that the greater the creation of technology, the more the exports. For the second dimension, diffusion of old innovations, related to the assimilation capability, the results show a U-shaped relationship between the elasticity of exports and this dimension. 30 This relationship becomes considerably more _________________________ 30 The components of the index diffusion of old innovations are expressed in logarithms to ensure that as the level of the index increases, its contribution to the composed index decreases. Although a "U-shaped" relationship between technological innovation and exports is found when applying any of the four estimation methodologies considered, the www.economics-ejournal.org Creation of technology
Ln(X)
Exporter's creation of technology Importer's creation of technology Source: Own calculations based on the constructed database (see Section 4).
pronounced in the exporter's case. The minimum value of the diffusion of old innovations variable in the exporting country is 0.75 when estimating by IV. 31 This result indicates that there is a minimum threshold up to which exports increase with higher levels of diffusion of old innovations. In relation to the realised absorptive capacity measures, the results obtained for the diffusion of recent innovations, a proxy for the transformation capability, show that there is an inverted U-shaped relationship between this variable and exports according to the IV estimates. The maximum of this TAI component in the exporter's case is found to be 0.68 (Figure 3) . Exporters with an intermediate achievement of diffusion of recent innovations show a higher increase in exports than those countries with a low or a very high level. Otherwise the results for importers reveal that the diffusion of recent innovations dimension mainly ranges in the growing part of the inverted "U". Then, a more developed transformation capability, which is a component of realised absorptive capacity, increases exports to a higher extent. 
Diffusion of recent innovations
Ln(X)
Exporter's diffusion of recent innovations
Importer's diffusion of recent innovations
Source: Own calculations based on the constructed database (see Section 4).
Finally as regards to the human skills dimension, a proxy for the exploitation capacity, which is the second component of realised absorptive capacity, the IV results show that the coefficient of the human skills dimension in the importing country ranges in the growing part of a "U" relationship between this dimension and exports (Figure 4) . These results indicate that the higher the trading partners' human skills (realised absorptive capacity), the higher the positive effect of this variable on trade. With respect to the exporter's human skills, an inverted Ushaped relationship is found when using IV (the maximum equals 0.58). 32
The second hypothesis states that developing countries may need a minimum technological level to obtain trade gains derived from higher technological innovation achievements. To test this hypothesis, Equation (2) is estimated for developed and developing importing countries separately. The obtained results, according to the IV estimation (first part of Table 2 ), show that when the importer _________________________ 32 For this dimension, different results were obtained according to the estimation technique used. An inverted "U-shaped" relationship was also observed when using OLS (the maximum equals 0.6) and PPML (the maximum equals 0.45); the relationship between this variable and trade was linear when estimating by the Harvey method.
www.economics-ejournal.org is a developed country, technological innovation has a positive effect on exports which is magnified for the higher levels of the TAI. As found in the analysis performed for the full country-sample, a U-shaped relationship is found between relationship is found between realised absorptive capacity and exports. Otherwise, when the importer is a developing country, a U-shaped relationship is found potential absorptive capacity and exports, whereas an inverted U-shaped between importer's creation of technology and exports and between importer's diffusion of recent innovations and exports. The minimum value of developing importer's creation of technology and diffusion of recent innovations is equal to 0.09 and 0.07, respectively. With this value, the model mainly predicts that the greater the acquisition and transformation capabilities in developing importing countries, the higher the increase on trade. Furthermore, an inverted U-shaped relationship is found between importer's diffusion of old innovations and exports and between importer's human skills and exports. The maximum value of developing importer's diffusion of old innovations and human skills are 0.79 and 0.35, respectively. Up to this value, the model mainly predicts that the greater the assimilation and exploitation capabilities in developing importing countries, the higher the increase on trade. These results show that the development of both www.economics-ejournal.org Notes: ***, **, * indicate significance at 1%, 5% and 10%, respectively; t-statistics are in parentheses. The dependent variable is the natural logarithm of exports in value (current US$). The IV estimation uses White's heteroscedasticity-consistent standard errors. In those cases where the term of innovation technology squared is found to be non-significant, a linear relationship is estimated. a Similar conclusions are drawn for high-technology goods, although the coefficients obtained are higher than those obtained for differentiated goods.
potential and realised absorptive capacities in technologically marginalised developing countries would increase their participation in international trade. 33 Next, we test the third hypothesis which states that the effects of technological innovation on exports should be greater in magnitude for differentiated products than for homogeneous products. Equation (2) is estimated for exports of differentiated, referenced and homogeneous goods. Table 2 shows the obtained results for the overall index for IV, which shows in most cases a non-linear relationship between technological innovation and trade.
We can compare the results in Table 2 with column (4) in Table 1 . Whereas the results of the effect of the importer's TAI on trade are similar for all categories of goods, the effect of the exporter's TAI differs for differentiated products and for the rest. For differentiated goods, the exporter's TAI shows an inverted U-shaped relationship, whereas a U-shaped curve is found for reference-priced goods and homogeneous goods. While technological improvements have a higher effect on exports of differentiated goods for the intermediate levels of technological
_________________________
33
The results of the different TAI dimensions are available upon request from the authors.
www.economics-ejournal.org achievements, the effect on exports for referenced and homogeneous goods shows the opposite pattern as it is found to be higher for very high levels of technological achievement. With respect to the different components of the TAI index, exporter's acquisition capability presents a U-shaped relationship, whose minimum value is 0.08. Therefore, the model mainly predicts that the greater the acquisition capability, the higher the increase on trade of differentiated goods. Concerning exporter's transformation and exploitation capabilities, both have a greater positive effect on exports of differentiated goods for the intermediate levels of technological achievements, which is consistent with the interpretation that the more experience in techniques gained by producing goods that embody a higher technological content, the more the exports. 34
Robustness Checks
As a first robustness check, we performed the same analysis for aggregated trade flows using a larger sample of countries. We used a 65-country sample which uncovers the 65-country sample selected in Márquez-Ramos (2007) by using data for 1999. The last two columns of Table 1 show the obtained results when estimating Equation (2) for both the 65-country and the 13-exporter (aggregated) samples. The results show that the coefficients obtained for technological innovation are higher than those obtained when using disaggregated data. As in the disaggregated analysis, a U-shaped relationship was found between exports and the diffusion of old innovations, whereas an inverted U-shaped relationship was seen between exports and the diffusion of recent innovations, and between exports and human skills. However, we observe reversal of signs for the variables related to creation of technology. In columns (5) and (6) exporter's and importer's creation of technology show an inverted U-shaped relationship with aggregated exports. This fact is most probably due to aggregation bias and indicates the importance of using disaggregated trade data in empirical analysis. Creation of technology is having a different effect for each category of goods and therefore we have to rely on the results obtained in column (4). As a second robustness check, the model specification was tested with both the disaggregated 13-exporter and the aggregated 65-country sample. A model _________________________ 34 The results of the different TAI dimensions are available upon request from the authors.
www.economics-ejournal.org specification error may occur when one or more relevant variables is/are omitted from the model, or when one or more irrelevant variables is/are included in the model. Model specification errors can substantially affect the estimated coefficients of regression. The linktest command in STATA was used, and the Ramsey test was done to test for specification errors. 35 We find that the Ramsey test results indicate that our estimates may suffer from an omitted variable bias. However, this bias most likely is related to trade cost variables and not the coefficients of the target variable, technological innovation.
Conclusions
This paper aims to provide empirical evidence on the relationship between technological innovation and international trade. In order to do so, technological innovation is understood as absorptive capacity that is decomposed into potential and realised absorptive capacities. At a national level, potential absorptive capacity is composed of the acquisition (creation of technology) and assimilation (diffusion of old innovations) capabilities, which provides flexibility to change and allows the sustenance of competitive advantage, whereas realised absorptive capacity is composed of the transformation (diffusion of recent innovations) and exploitation (human skills) capabilities, which allows the creation of competitive advantage. The Technological Achievement Index (TAI) and its four components are used in the empirical analysis since they are considered suitable measures of technological
_________________________
35
The linktest is based on the idea that if a regression is properly specified, then it should not be possible to find any additional independent variables that are significant, other than by chance. The linktest creates two new variables, a variable of the prediction (_hat) and a variable of the square prediction (_hatsq). The model is then refitted using these new variables as predictors. The former should be significant since it is the predicted value, unlike the latter because, if the model is correctly specified, the squared predictions should not have much explanatory power.
In a first step, the linktest is calculated for the disaggregated and aggregated analyses where both the variable of prediction (_hat) and the variable of square prediction (_hatsq) are significant. As a second step, the hypothesis that the model has no omitted variables is rejected with the Ramsey RESET Test.
www.economics-ejournal.org innovation including acquisition, assimilation, transformation and exploitation capabilities.
Our findings indicate a positive and, in most cases, non-linear effect of technological innovation on export performance. Additionally, the results obtained show the existence of a non-linear relationship between trade and all the technological dimensions considered. Firstly, creation of technology fosters international trade in all countries, independently of its achievement. Secondly, a U-shaped relationship is observed between diffusion of old innovations and exports. Thirdly, and in the case of realised absorptive capacity measures (diffusion of recent innovations and human skills), an inverted U-shaped relationship with exports is observed. Fourthly, the non-linear relationship also holds in developed and developing countries, as well as in different sectors. Our results are consistent with the "learning-by-doing" and the "absorptive capacity" concepts.
A natural extension of this research would be to use a panel dataset to fully account for unobserved country heterogeneity and to study the dynamics of the relationship between trade and technological innovation. The question of how the causality relationship goes from trade to technological innovation in a non-linear framework is still open and requires further research. 
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